Abstract: Continuous aggregation of socioeconomic factors is the key issue of sustainable development in urban agglomerations. To date, more attention has been paid to single urban agglomeration than to multiple agglomerations. In this paper, China's 19 urban agglomerations were selected as the case study and their spatial differences in factors aggregating ability were portrayed comparatively. Firstly, the spatial pattern of urban factors aggregating ability is relatively well distributed in all China's cases, most noticeably in the Yangtze River Delta urban agglomeration, closely followed by the Beijing-Tianjin-Hebei and the Pearl River Delta urban agglomerations. However, more significant differences on factors aggregating ability are noticeably seen between cities than among urban agglomerations. Meanwhile, the rank-size structure distribution of factors aggregating ability in China's 19 cases is in line with the Zipf's law of their urban systems, and divided into three types: Optimized, balanced, and discrete. Furthermore, the urban factors aggregation ability in one urban agglomeration is roughly negatively correlated with its primacy ratio of factors aggregating ability distribution. Lastly, urban agglomerations with higher average values of factors aggregating ability are concentrated on the three major urban agglomerations: The Yangtze River Delta, the Beijing-Tianjin-Hebei and the Pearl River Delta. Otherwise, high-high clusters in the three urban agglomerations are distinctly observed as well.
Introduction
Currently, a magnitude of socioeconomic factors, such as capital, labor, technology and information etc., are accelerating centralization in densely-populous and developed urbanized regions, which results in a higher ability to aggregate factors in these regions. Furthermore, the factors aggregating process positively accelerates the emergence and growth of various urban agglomerations [1] , noticeably in high-speed developing countries like China. Therefore, factors aggregating ability is widely regarded as a way of identifying their sustainable development.
An urban agglomeration is a highly developed urbanized area consisted of integrated cities [2] , similar to various terms including megalopolis [3] , metropolitan belt [4] , urban clusters [5] , metropolitan regions [6] , metropolitan areas [7] , and others. Although it is still difficult to obtain a unified definition, it is generally viewed as an urbanized area filled by an integration of cities with huge population density and close interaction flows. In China, urban agglomerations are 
Data Sources
In the paper, the data of index system originated from two sources. Some statistical data were derived from the authoritative statistical yearbooks, including the 2017 China Urban Statistical Yearbook and the 2017 Provincial and Municipal Statistical Yearbook. The remainder of the data came from the Point of Interest (POI) data from AMAP (open electronic map) of the Alibaba Group (https://lbs.amap.com/console/show/picker), similar to Google. A POI data refers to a spatial landmark point on an electronic map based on Location Based Services (LBS) [24] , and includes attribute features such as name, category, latitude and longitude, etc. As some of the most essential data for urban spatial analysis, POIs data could directly and effectively reflect the aggregation of various urban factors [25] . Since a POI data has a position attribute, it can be regarded as a point of a certain kind of factors, and the number of POIs (factors) in different areas can be obtained by the use of spatial statistics. For that reason, this paper used ArcGIS software to count the number of POIs of a certain kind of factors in China and an urban agglomeration, and calculated the proportion of the 
In the paper, the data of index system originated from two sources. Some statistical data were derived from the authoritative statistical yearbooks, including the 2017 China Urban Statistical Yearbook and the 2017 Provincial and Municipal Statistical Yearbook. The remainder of the data came from the Point of Interest (POI) data from AMAP (open electronic map) of the Alibaba Group (https://lbs.amap.com/console/show/picker), similar to Google. A POI data refers to a spatial landmark point on an electronic map based on Location Based Services (LBS) [24] , and includes attribute features such as name, category, latitude and longitude, etc. As some of the most essential data for urban spatial analysis, POIs data could directly and effectively reflect the aggregation of various urban factors [25] . Since a POI data has a position attribute, it can be regarded as a point of Sustainability 2018, 10, 4179 4 of 20 a certain kind of factors, and the number of POIs (factors) in different areas can be obtained by the use of spatial statistics. For that reason, this paper used ArcGIS software to count the number of POIs of a certain kind of factors in China and an urban agglomeration, and calculated the proportion of the number of factors of the urban agglomeration to the total number of factors in China. As such, we obtained the index value of this kind of factors in the urban agglomeration. In the same way, the calculation of urban factors aggregating ability also adopted this method, that is, the values of evaluation indices were obtained by calculating the proportion of the number of factors of the city to the total number of factors in the urban agglomeration. By using data mining technology of web crawler, a total of 1.479 million POIs data was captured and retrieved in December 2016. To data processing, the basic data of each city were collected from the statistical yearbook and the electronic map POIs, and then aggregated into the data of the urban agglomerations. While, the national level data was directly obtained from the national statistical yearbook and the POIs in the country.
The vector data used in the mapping of this paper is derived from the 1:1 million basic geographic database (2015) of the National Basic Geographic Information Center in China (http://www.webmap. cn/commres.do?method=dataDownload), and the map projection type is Gauss-Kruger projection.
Methodologies
The purpose of this paper is to analyze the differences of factors aggregating ability among 19 urban agglomerations in China. In order to achieve this goal, as shown in Figure 2 , we mainly designed the research framework from three methods: The evaluation model of factors aggregating ability, the Rank-size model and the Kernel Density Estimation model. Firstly, we constructed the evaluation model of factors aggregating ability by designing a comprehensive evaluation index system, in order to obtain the basic calculation result of the factors aggregating ability in urban agglomerations. Secondly, we used the calculation result data as the analysis source and introduced the Rank-size model and the Kernel Density Estimation model, to achieve the main research objective of this paper-interpreting the rank-size and the spatial differences of the factors aggregating ability among China's urban agglomerations. Finally, we draw our conclusions. In the research process, the construction of the evaluation model of factors aggregating ability is the precondition and analysis basis for the use of the Rank-size model and the Kernel Density Estimation model. number of factors of the urban agglomeration to the total number of factors in China. As such, we obtained the index value of this kind of factors in the urban agglomeration. In the same way, the calculation of urban factors aggregating ability also adopted this method, that is, the values of evaluation indices were obtained by calculating the proportion of the number of factors of the city to the total number of factors in the urban agglomeration. By using data mining technology of web crawler, a total of 1.479 million POIs data was captured and retrieved in December 2016. To data processing, the basic data of each city were collected from the statistical yearbook and the electronic map POIs, and then aggregated into the data of the urban agglomerations. While, the national level data was directly obtained from the national statistical yearbook and the POIs in the country.
The vector data used in the mapping of this paper is derived from the 1:1 million basic geographic database (2015) of the National Basic Geographic Information Center in China (http://www.webmap.cn/commres.do?method=dataDownload), and the map projection type is Gauss-Kruger projection.
The purpose of this paper is to analyze the differences of factors aggregating ability among 19 urban agglomerations in China. In order to achieve this goal, as shown in Figure 2 , we mainly designed the research framework from three methods: The evaluation model of factors aggregating ability, the Rank-size model and the Kernel Density Estimation model. Firstly, we constructed the evaluation model of factors aggregating ability by designing a comprehensive evaluation index system, in order to obtain the basic calculation result of the factors aggregating ability in urban agglomerations. Secondly, we used the calculation result data as the analysis source and introduced the Rank-size model and the Kernel Density Estimation model, to achieve the main research objective of this paper--interpreting the rank-size and the spatial differences of the factors aggregating ability among China's urban agglomerations. Finally, we draw our conclusions. In the research process, the construction of the evaluation model of factors aggregating ability is the precondition and analysis basis for the use of the Rank-size model and the Kernel Density Estimation model. 
Evaluation Model of Factors Aggregating Ability
In this paper, we constructed a measurement model of factors aggregating ability by designing a comprehensive evaluation indicator system and determining indices weights as follows: the primary indices selection, the indices screening, and the calculation of indices weights. First of all, in order to avoid subjectivity, the frequency statistics and expert consultation methods were implemented to design the index system. Plenty of indicators with high-frequency adoption or occurrence in literature were firstly selected and constructed a preliminary index system by using the frequency statistical method. Then, the preliminary indices were further modified based on expert comments in the expert consultation method. As a result, we initially identified an evaluation index system with 40 indices, including population, land, economy, facility, ecology, science and technology, and finance aspects, and so on.
We also re-screened and reduced the primary indices by calculating correlation coefficients, coefficient of variation and factor analysis, to avoid interdependence and duplication between indices. First, the indices value was standardized. Secondly, the correlation coefficient and coefficient of variation of each index were calculated separately. Then, those indices with correlation coefficient greater than 0.9 and lower coefficient of variation were excluded. Thirdly, factor analysis was used to determine the principal components of the index system that cannot be deleted. Finally, on the basis of the above, we deleted 14 indices, and constructed the comprehensive index system containing 26 indices (Table 1) .
Last but not least, we obtained the weights of indices by integrating subjective AHP weighting method and objective entropy weighting method, for the sake of avoiding their own disadvantages. Amongst them, the AHP method exists subjective judgments and random scoring problems despite of certain rationality in judging information importance. The entropy method may avoid the subjective problem, but easily ignores the difference in the actual importance of the indices.
First, the entropy method was used to calculate the index weights. The proportion y ij of sample i under the j indicator was calculated by:
where n denotes the number of samples, m denotes the number of indicators, and x" ij represents the value of sample i of index j. The information entropy e j of the j indicator was defined as:
where k = 1/ln(n), with 0 ≤ e j ≤ 1. The difference coefficient g i of the j indicator g i was denoted as follows:
After normalizing the difference coefficient of each indicator, the entropy weight of the j indicator was calculated by [26] :
Besides, on the basis of the entropy weights, the AHP method is used to calculate the relative importance of each index to the criterion layer index. The weight coefficient ω bj of each index is determined. Furthermore, the index weights ω aj and ω bj obtained from the two methods further determined the final weight of the index, defined as:
where
By using the Lagrangian multiplier method, the final weight ω j was obtained as:
where ω aj is the index weight determined by the entropy method, and ω bj is the index weight determined by the AHP method. On this basis, the evaluation model of factors aggregating ability was constructed as follows:
Factors aggregating ability of urban agglomerations represented the factors aggregating ability of one urban agglomeration in China compared to that of other urban agglomerations. Its main significance was reflected in the relative advantages or disadvantages of factors aggregation ability between urban groups [27] . The factors aggregating ability of urban agglomerations ranged from 0 to 1. The larger the A value is, the greater is the factors aggregating ability of urban agglomerations, and the stronger is the concentration of various factors.
Rank-Size Model
An urban agglomeration is a typical multi-level urban system composed of large, medium, and small cities. Consequently, in this study, the Lotka rank-size model was introduced into revealing the hierarchical distribution and the scale structure of urban factors aggregating ability [28] [29] [30] , written by:
where n represents the number of cities and R i represents the rank of factors aggregating ability of the city i in the urban agglomeration. P i denotes the value of urban factors aggregating ability with the rank of R i after sorting from the large to the small. P 1 denotes the factors aggregating ability value of the first city. The parameter q denotes the Zipf's coefficient. Through the logarithm processing, equator (7) was further transformed to:
where if q = 1, the aggregating characteristics of the urban factor aggregating ability is in an optimal distribution satisfying the Zipf's criterion at this time. If q < 1, the scale distribution of urban factors aggregating ability is relatively concentrated with many middle-rank cities. If q > 1, the urban factors aggregating ability tends to be dispersed, and the differences among urban agglomerations are quite significant. The first city has a strong monopoly of factors aggregating ability as well.
Kernel Density Estimation
Kernel Density Estimation (KDE) analysis is a process of interpolating by the discrete point data or line data using the kernel function [31] . In this study, KDE was used to estimate the density distribution of urban factors aggregating ability. Let x 1 , . . . , x n be independent distribution samples extracted from the population with a distribution density function of f. Estimate the value f(x) of f at a point x, usually with the Rosenblatt-Parzen kernel estimation equation [32] :
where k denotes the kernel function; h > 0 denotes the bandwidth; (x − x i ) denotes the distance from the estimated point to the sample x i ; n is the number of known points in the bandwidth; and d is the dimension of the data.
In the KDE analysis, the bandwidth h has a greater impact on final calculation results. Generally, the smaller bandwidth is suitable to reflect local variation of the density distribution, and the larger bandwidth can effectively reflect spatial variation at global scale. In this study, the distributional difference of China's 19 urban agglomerations needs be considered. The smallest length among the 19 urban agglomerations is about 400-500 km, therefore, it is necessary to avoid the spatial differentiation being over-enhanced or weakened. According to the study of bandwidth [33] , we repeated test with several bandwidth of 80, 100, 120, 150 and 180 km, respectively and found that the KDEs remain stable between 100-180 km. Accordingly, a bandwidth of 120 km is more reasonable and appropriate to be adopted in this study. Figure 3 shows the difference and hierarchical distribution of the factors aggregating ability among 19 urban agglomerations in China based on Equation (6) . Statistically, as shown in Figure 3a , the difference of factors aggregating ability among the 19 cases isn't relatively significant, except for the first-rank Yangtze River Delta urban agglomeration. The top three, consistent with current development status, are the three national-level urban agglomerations of the Yangtze River Delta, Beijing-Tianjin-Hebei and the Pearl River Delta. They are economically developed, densely populated, and open to the outside world. The cases in the middle rank include the middle reaches of the Yangtze River, Shandong Peninsula, Chengdu-Chongqing, West Coast of the Straits, Central Plains, Central-southern of Liaoning, and Harbin-Changchun, which are the key development areas in national land functional planning. The group with lower orders consisted of Central Shaanxi Plain, the northern slopes of Tianshan Mountains, Hohhot-Baotou-Ordos-Yulin, Lanzhou-Xining, Central Guizhou province, the Jinzhong regions, Central Yunnan, and the areas along the Huanghe River in Ningxia province. The vast majority of these areas are located in the western regions of China, and are viewed as the growth poles of their local regions. On the basis of the comprehensive factors aggregating ability scores, China's 19 major urban agglomerations can be roughly divided into three tiers (Figure 3b ): In the first echelon, there are two cases accounting for 10.53%, that's, the Yangtze River Delta and the Beijing-Tianjin-Hebei urban agglomerations, and their scores of the factors aggregating ability are above 0.5; the second echelon is composed of four urban agglomerations whose average scores are between 0.2 and 0.5, accounting for 21.05% of total number; the third echelon includes the rest of 19 cases with average sore below 0.2, accounting for 68.42%. According to their proportion, the three echelons are visualized as the "pyramid" distribution as shown in Figure 3b , which is in accordance with the current development On the basis of the comprehensive factors aggregating ability scores, China's 19 major urban agglomerations can be roughly divided into three tiers (Figure 3b ): In the first echelon, there are two cases accounting for 10.53%, that's, the Yangtze River Delta and the Beijing-Tianjin-Hebei urban agglomerations, and their scores of the factors aggregating ability are above 0.5; the second echelon is composed of four urban agglomerations whose average scores are between 0.2 and 0.5, accounting for 21.05% of total number; the third echelon includes the rest of 19 cases with average sore below Sustainability 2018, 10, 4179 9 of 20 0.2, accounting for 68.42%. According to their proportion, the three echelons are visualized as the "pyramid" distribution as shown in Figure 3b , which is in accordance with the current development level of China's urban agglomerations. Most of urban agglomerations are still in the early and middle industrialization stages, with relatively lower factors aggregating ability. It will take a long period of improvement to continuously gather the various factors and further to promote the integration of urban agglomeration. Table 2 illustrates the aggregating abilities between comprehensive factors and various factors. In the same way as the comprehensive factors, the aggregating ability of all kinds of factors among the 19 cases follows a decreasing gradient trend from the east to the west. That is, the factors aggregating ability of urban agglomerations in the eastern coastal areas is mostly at the highest level, which is followed by the cases in central China and in the western regions in turn. Meanwhile, the pyramid structure consisted of the three echelons is also observed in the aggregating ability distribution of all kinds of factors. Amongst them, the first echelon group of all factors is almost entirely composed of the three-big national urban agglomerations of the Yangtze River Delta, the Pearl River Delta, and the Beijing-Tianjin-Hebei regions. However, the number and distribution of urban agglomerations in the second echelon and the third echelon exhibit some differences among various factors. Specifically, there are larger differences in the second and third echelons of these factors including population, land, economy, public facilities, and ecological environment. Similar findings are seen in the third echelon of such factors as finance, scientific and technological innovation, economic openness, and culture. The proportion of the population in the urban agglomeration to that in the country 0.0672
Results

Differences in Hierarchical Distribution of Factors Aggregating Ability
The ratio of college students per 10,000 students in the urban agglomeration to the national indicator level 0.0412
Land Factor Aggregating Ability (0.0734) The proportion of the built-up area in the urban agglomeration to that in the country 0.0570
The ratio of unit land area output rate in the urban agglomeration to the national indicator level 0.0164
Economy Factor Aggregating Ability (0.1163)
The proportion of GDP in the urban agglomeration to that in the country 0.0786
The ratio of fixed asset investment intensity in the urban agglomeration to the national indicator level 0.0377
Financial Factor Aggregating Ability (0.099)
The proportion of the deposits of financial institutions at the end of the year in the urban agglomeration to those in the country 0.0494
The proportion of bank outlets in the urban agglomeration to those in the country 0.0496
Technological innovation Factor Aggregating Ability (0.1568)
The ratio of professional and technical personnel per 10,000 people in the urban agglomeration to the national indicator level 0.0373
The proportion of high-tech enterprises in the urban agglomeration to those in the country * 0.0572
The proportion of invention patent applications in the urban agglomeration to those in the country 0.0623
Public Facility Factor Aggregating Ability (0.1500)
The ratio of road network density in the urban agglomeration to the national indicator level * 0.0256
The proportion of bus stations in the urban agglomeration to those in the country * 0.0181
The proportion of commercial supermarket service agencies in the urban agglomeration to those in the country * 0.0196
The proportion of catering service agencies in the urban agglomeration to those in the country * 0.0191
The proportion of hotel service agencies in the urban agglomeration to those in the country * 0.0198
The proportion of primary and secondary schools in the urban agglomeration to those in the country * 0.0235
The proportion of medical institutions in the urban agglomeration to those in the country * 0.0243
Cultural Factor Aggregating Ability (0.0569)
The ratio of cultural industry revenue as a share of GDP in the urban agglomeration to the national indicator level 0.0273
The proportion of art institutions in the urban agglomeration to those in the country * 0.0296
Ecological Environment Factor Aggregating Ability (0.0614)
The ratio of environmental governance investment as a share of fiscal expenditure in the urban agglomeration to the national indicator level 0.0285
The proportion of parks in the urban agglomeration to those in the country * 0.0329
Public Facility Factor Aggregating Ability (0.0614)
The proportion of government public finance income and expenditure ratio in the urban agglomeration to the national indicator level 0.0151
The ratio of private economy added value as a share of GDP in the urban agglomeration to the national indicator level 0.0463
Opening-Up Factor Aggregating Ability (0.1164)
The proportion of actual inflow of foreign investment in the urban agglomeration to that in the country 0.0556
The proportion of inbound tourists received in the urban agglomeration to those in the country 0.0608
Note: The data of these indices marked with a star symbol (*) after the text are derived from POIs big data. Similarly, an obvious heterogeneity (polarization and hierarchy) of the factors aggregating ability among 198 cities is observed as well, as shown in Figure 4 . The urban factors aggregating ability tends to exhibit a scale-free trait with better-fitting power-law distributions (Figure 4a ), that's, a few cities have higher scores of factors aggregating ability, which is similar to the rule of Pareto's distribution. Only two megacities, Shanghai and Beijing, score above 0.5. Almost all of the cities have a lower factors aggregating ability. Obviously, the scores of 141 cities are much lower than the average of 0.0915 and there exists a huge gap with a few megacities such as Shanghai, Beijing, Guangzhou, and Shenzhen. As exhibited as Figure 3b , according to urban scores, these cities are divided into five echelons (greater than 0.5, 0.3-0.5, 0.2-0.3, 0.1-0.2, and less than 0.1), accounting for 1.01%, 3.03%, 5.05%, 16.16%, and 74.75%, respectively (Figure 4b ). Similarly, an obvious heterogeneity (polarization and hierarchy) of the factors aggregating ability among 198 cities is observed as well, as shown in Figure 4 . The urban factors aggregating ability tends to exhibit a scale-free trait with better-fitting power-law distributions (Figure 4a ), that's, a few cities have higher scores of factors aggregating ability, which is similar to the rule of Pareto's distribution. Only two megacities, Shanghai and Beijing, score above 0.5. Almost all of the cities have a lower factors aggregating ability. Obviously, the scores of 141 cities are much lower than the average of 0.0915 and there exists a huge gap with a few megacities such as Shanghai, Beijing, Guangzhou, and Shenzhen. As exhibited as Figure 3b , according to urban scores, these cities are divided into five echelons (greater than 0.5, 0.3-0.5, 0.2-0.3, 0.1-0.2, and less than 0.1), accounting for 1.01%, 3.03%, 5.05%, 16.16%, and 74.75%, respectively (Figure 4b ). To more intuitively compare the agglomeration characteristics of different factors, we calculated the variation coefficient of the 10 factors aggregating ability scores among 19 urban agglomerations To more intuitively compare the agglomeration characteristics of different factors, we calculated the variation coefficient of the 10 factors aggregating ability scores among 19 urban agglomerations and among 198 cities. Whether at the inter-city or inter-group level, the variation coefficient of the ability of technological innovation, opening-up, and finance factors are higher, indicating the pattern to be unevenly distributed, especially in larger cities and urban groups. Because of convenient interactions, well-developed public facilities, developed economies, and high input-output efficiency, they are appropriate to obtain more advantageous competitiveness when these factors are concentrated. At the same time, other kinds of factors with lower aggregating ability tend toward decentralization, such as population, economy, and public facilities, due to low requirements for location conditions and environmental factors. Table 3 indicates the rank-size structure of factors aggregating ability in the 19 cases. In Table 3 , most of the R 2 values are mostly above 0.9, and the minimum R 2 value is 0.764, with a good fitting degree, which indicates that the hierarchical distribution is basically in line with the Zipf's law (Table 3) . In accordance with their q values, the 19 urban agglomerations are divided into the five types with different characteristics of statistical distribution as follows. The first is optimized type structure, in line with 0.9 < q ≤ 1. There are 5 urban agglomerations, including the Beijing-Tianjin-Hebei, Chengdu-Chongqing, Central-southern of Liaoning, Central Shaanxi Plain, and Jinzhong urban agglomerations. It represents a more optimal rank-size structure that exhibits a well-fitting power-law distribution. The number of cities with high, medium, and low factors aggregating ability in urban agglomerations are relatively appropriate. The second is balanced type structure with q < 0.9. This type includes 5 urban agglomerations located in the western inland such as the northern slopes of the Tianshan Mountains, Lanzhou-Xining, Central Guizhou, Central Yunnan, and the areas along the Huanghe River in Ningxia. For this type, there are a majority of medium-and-small with weaker degree factors aggregating ability in these urban agglomerations, which is related to their development levels. The third is discrete type structure (q > 1) and includes 9 urban agglomerations such as the Yangtze River Delta, Pearl River Delta, the middle reaches of the Yangtze River, Shandong Peninsula, West Coast of the Straits, Central Plains, Harbin-Changchun, Beibu Gulf, Hohhot-Baotou-Ordos-Yulin. The distribution of urban factors aggregating ability in these urban agglomerations tends to be discrete. Few hub cities have stronger factors aggregating ability in the region, and greater magnetic forces to attract socioeconomic factors or flows, resulting in the cumulative Matthew effect.
Differences in Rank-Size Structure of Factors Aggregating Ability
From the perspective of the primacy ratio, the factors aggregation ability of one urban agglomeration is negatively related to its primacy ratio (Table 3) . Specifically, those urban agglomerations with larger factors aggregation ability, such as the Yangtze River Delta, the Pearl River Delta, Beijing-Tianjin-Hebei, the middle reaches of the Yangtze River, Shandong Peninsula, Chengdu-Chongqing, West Coast of the Straits, Central Plains, Central-southern of Liaoning, and Harbin-Changchun, their primacy ratios are much lower. Generally, one urban agglomeration with higher primacy ratio is often underdeveloped, because magnitude of factors is over aggregative in its primacy or central city, defined as the Siphon effect between its primacy city and its peripheral regions. Figure 5 portrays the spatial distribution of kernel density and factors aggregating density of factors aggregating ability in the 19 groups. From Figure 5 , a declining gradient from the East to the West is observed clearly. In detail, the urban agglomerations with the greatest values of factors comprehensive aggregating ability are mainly centralized in the eastern coastal regions of the Yangtze River Delta, the Pearl River Delta, and Beijing-Tianjin-Hebei urban agglomerations. Following the three-big urban groups, the urban agglomerations, such as the middle reaches of the Yangtze River and Central Plains in Central China, along with Chengdu-Chongqing in Western China, hold a higher average ability of factors aggregation. At the same time, almost all of the western urban agglomerations have the lowest comprehensive ability, including Central Guizhou, Central Yunnan, the areas along the Huanghe River in Ningxia, the northern slopes of the Tianshan Mountains, Lanzhou-Xining, and Hohhot-Baotou-Ordos-Yulin urban agglomerations. Overall, the declining gradient pattern from east to west is consistent with the regional differences of China's socioeconomic geography, such as GDP and population distributions. Figure 6 maps the spatial pattern of urban factors aggregating ability at the city level. It can be seen that the cities with higher factors aggregating ability are densely distributed in the urban agglomerations such as Yangtze River Delta, Pearl River Delta, Beijing-Tianjin-Hebei, the middle reaches of the Yangtze River, Shandong Peninsula, Chengdu-Chongqing, Central Plains, and Central-southern of Liaoning. This aggregative pattern is basically consistent with the spatial distribution of China's population density. Most of cities with higher-degree factors aggregating ability are concentrating on the southeastern orientation of the "Hu Huanyong population dividing line" (In a paper published in 1935 entitled "Population Distribution in China," Hu Huanyong found that spatial distribution of population in China is divided into two basic areas: Southeast China and Northwest China, with the dividing line named as the Heihe-Tengchong line (or Hu line for short)), where about 95% of inhabitants reside. Recently in China, various socioeconomic factors are accelerative flowing into densely-populated cities, to seek greater economic efficiency under a consumer-based orientation.
Differences in Spatial Pattern of Factors Aggregation Ability
Sustainability 2018, 10, x; doi: FOR PEER REVIEW www.mdpi.com/journal/sustainability China, hold a higher average ability of factors aggregation. At the same time, almost all of the western urban agglomerations have the lowest comprehensive ability, including Central Guizhou, Central Yunnan, the areas along the Huanghe River in Ningxia, the northern slopes of the Tianshan Mountains, Lanzhou-Xining, and Hohhot-Baotou-Ordos-Yulin urban agglomerations. Overall, the declining gradient pattern from east to west is consistent with the regional differences of China's socioeconomic geography, such as GDP and population distributions. Figure 7 depicts the local clusters of factors aggregating ability of 198 cities by the local spatial autocorrelation analysis. At a glance, there is not significant spatial interdependence of factors aggregating ability in many cities. A few cities have a stronger spatial autocorrelation, and exhibit mainly high-high agglomeration. They are mainly centralized in the Yangtze River Delta, BeijingTianjin-Hebei, and the Pearl River Delta urban agglomerations (Figure 7a ). In addition, from the cold spots and hotspots distribution as shown in Figure 7b , it is clear that hotspots (high-high clusters) under 99% confidence are polarizing in the Yangtze River Delta, the Pearl River Delta, and the Beijing-Tianjin-Hebei urban agglomerations, with higher factors aggregating ability. However, cold spots (low-low clusters) and other outliers are almost absent in China, which indicates further that the socioeconomic factors are continuously clustering in the three-big urban agglomerations, but that other urban agglomerations are not significant at the factors aggregation. (Figure 7a ). In addition, from the cold spots and hotspots distribution as shown in Figure 7b , it is clear that hotspots (high-high clusters) under 99% confidence are polarizing in the Yangtze River Delta, the Pearl River Delta, and the Beijing-Tianjin-Hebei urban agglomerations, with higher factors aggregating ability. However, cold spots (low-low clusters) and other outliers are almost absent in China, which indicates further that the socioeconomic factors are continuously clustering in the three-big urban agglomerations, but that other urban agglomerations are not significant at the factors aggregation. 
Conclusions and Discussion
Conclusions
Currently, the relationship between factors aggregation and sustainable development in urban agglomerations has been an important issue in urban sustainability research. Much less attention is paid to comprehensive measurements and geographical differences of factors aggregating ability among urban agglomerations. Then, the two questions need to be answered: How to evaluate comprehensively factors aggregating ability? What are the differences among urban agglomerations with different geographical contexts?
To fill this gap, in this paper, China's 19 major urban agglomerations were selected as the case study. On the basis of POIs data mining, we constructed a comprehensive index system to measure factors aggregating ability. A comparative analysis of factors aggregating ability among the 19 cases were further conducted from the perspectives of structural and spatial differences.
Firstly, the statistical differences of factors aggregating ability among 19 urban agglomerations in China aren't relatively significant. The most powerful cases are the three state-level urban agglomerations of the Yangtze River Delta, Beijing-Tianjin-Hebei, and the Pearl River Delta. Otherwise, the average factors aggregating ability of urban agglomerations can be roughly divided into three echelons, exhibiting the stable "pyramid" structure. The aggregating ability of all kinds of factors among urban agglomerations exhibit differences as well, noticeably in the technological innovation, economic openness, and financial factors. At city level, the hierarchical distribution of urban factors aggregating ability is more obviously polarized. Higher values of factors aggregating ability are centralized in a few megacities such as Shanghai, Beijing, Guangzhou and Shenzhen. At the same time, most of cities have far lower factors aggregating ability.
Secondly, the rank-size distribution of factors aggregating ability is in line with the rank-size rule of the urban system in China. The rank-size structure of factors aggregating ability in urban agglomerations can be divided into three types: Optimized, balanced, and discrete. Beijing-Tianjin-Hebei, Chengdu-Chongqing, Central-southern of Liaoning, Central Shaanxi Plain and Jinzhong urban agglomerations are of the optimized structure type. The distribution of factors aggregating ability in five urban agglomerations in the western China is balanced. Nine urban agglomerations in the Yangtze River Delta, the Pearl River Delta, the middle reaches of the Yangtze River, Shandong Peninsula, West Coast of the Straits, Central Plains, Haerbin-Changchun, Beibu Gulf, Hohhot-Baotou-Ordos-Yulin have a discrete structure. Furthermore, urban factors aggregating ability in one urban agglomeration is roughly negatively correlated with its primacy ratio of factors aggregating ability distribution.
Thirdly, the spatial distribution of factors aggregating ability presents a gradient declining from the East to the West in China, forming the three-big centers with higher values of factors aggregating ability including the Yangtze River Delta, the Pearl River Delta, and Beijing-Tianjin-Hebei urban agglomerations. Moreover, the distribution of factors aggregating ability at city level coincides with the geographical distribution law of "Hu's Line", which is essentially consistent with the spatial distribution of China's population density. Furthermore, there is slightly spatial interdependence of factors aggregating ability, particularly in the three-big urban agglomerations. The high-high clusters and hotspots are concentrated in the Yangtze River Delta, the Pearl River Delta, and the Beijing-Tianjin-Hebei urban agglomerations.
Discussion
To date, factors flows and aggregation have played the key role in sustainable development in urban agglomerations. Due to different geographical context of urban agglomerations, there are obvious differences of factors aggregating ability between urban agglomerations. So, a comparative analysis of the differences on factor aggregating ability among China's 19 major urban agglomerations brings new insights to sustainable development in urban agglomerations. However, further research is needed as follows. The first is the construction of the comprehensive evaluation index system. Although the POIs big data mining is introduced to supplement the lack of indicators data, it still needs further improvement at city and county scales. The second is the dynamic analysis of factors aggregating ability. Due to the huge difficulty in data collection, we have not conducted the spatiotemporal evolution of factors aggregating ability on long-term dynamics. Additionally, the changing differences of factors aggregating ability and their reasons or drivers need to be revealed in detail, which will facilitate the understanding of driving mechanism of factors aggregating ability under different urban agglomerations. The third is the spatial effect of factors aggregating ability. In future research, it would be interesting and important to examine the spatial spillover effects of factors aggregation in urban agglomerations, and to explore its impact on economic development, spatial expansion, environmental sustainability, and urbanization, etc.
